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
$EVWUDFW
3DODHRSURWHRPLFV LV DQ HPHUJLQJ QHRORJLVP XVHG WR GHVFULEH WKH DSSOLFDWLRQ RI PDVV           
VSHFWURPHWU\ 06EDVHG DSSURDFKHV WR WKH VWXG\ RI DQFLHQW SURWHRPHV $V ZLWK SDODHRJHQRPLFV           
WKH VWXG\ RI DQFLHQW '1$ D'1$ LW LQWHUVHFWV HYROXWLRQDU\ ELRORJ\ DUFKDHRORJ\ DQG           
DQWKURSRORJ\ ZLWK DSSOLFDWLRQV UDQJLQJ IURP WKH SK\ORJHQHWLF UHFRQVWUXFWLRQ RI H[WLQFW VSHFLHV          
WR WKH LQYHVWLJDWLRQ RI SDVW KXPDQ GLHWV DQG DQFLHQW GLVHDVHV +RZHYHU WKHUH LV FXUUHQWO\ QR              
H[SOLFLW FRQVHQVXV UHJDUGLQJ VWDQGDUGV IRU GDWD UHSRUWLQJ GDWD YDOLGDWLRQ PHDVXUHV RU WKH XVH RI             
VXLWDEOH FRQWDPLQDWLRQ FRQWUROV LQ DQFLHQW SURWHLQ VWXGLHV $GGLWLRQDOO\ LQ FRQWUDVW WR WKH D'1$            
FRPPXQLW\ QR FRQVROLGDWHG JXLGHOLQHV KDYH EHHQ SURSRVHG E\ ZKLFK UHVHDUFKHUV UHYLHZHUV DQG           
HGLWRUV FDQ HYDOXDWH SDODHRSURWHRPLFV GDWD LQ SDUW GXH WR WKH QRYHOW\ RI WKH ILHOG +HUH ZH               
SUHVHQW D VHULHV RI SUHFDXWLRQV DQG VWDQGDUGV IRU DQFLHQW SURWHLQ UHVHDUFK WKDW FDQ EH             
LPSOHPHQWHG DW HDFK VWDJH RI DQDO\VLV IURP VDPSOH VHOHFWLRQ WR GDWD LQWHUSUHWDWLRQ 7KHVH            
JXLGHOLQHV DUH QRW LQWHQGHG WR LPSRVH D QDUURZ RU ULJLG OLVW RI DXWKHQWLFDWLRQ FULWHULD EXW UDWKHU WR                
VXSSRUW JRRG SUDFWLFHV LQ WKH ILHOG DQG WR HQVXUH WKH JHQHUDWLRQ RI UREXVW UHSURGXFLEOH UHVXOWV              
$V WKH ILHOG JURZV DQG PHWKRGRORJLHV FKDQJH VR WRR ZLOO EHVW SUDFWLFHV ,W LV WKHUHIRUH HVVHQWLDO               
WKDW UHVHDUFKHUV FRQWLQXH WR SURYLGH QHFHVVDU\ GHWDLOV RQ KRZ GDWD ZHUH JHQHUDWHG DQG            
DXWKHQWLFDWHG VR WKDW WKH UHVXOWV FDQ EH LQGHSHQGHQWO\ DQG HIIHFWLYHO\ HYDOXDWHG :H KRSH WKDW             
WKHVH SURSRVHG VWDQGDUGV RI SUDFWLFH ZLOO KHOS WR SURYLGH D ILUP IRXQGDWLRQ IRU WKH HVWDEOLVKPHQW              
RI SDODHRSURWHRPLFV DV D YLDEOH DQG SRZHUIXO WRRO IRU DUFKDHRORJLVWV DQWKURSRORJLVWV DQG           
HYROXWLRQDU\ELRORJLVWV
,QWURGXFWLRQ
7KH DGYHQW RI KLJKVHQVLWLYLW\ PDVV VSHFWURPHWU\ LQ WKH SDVW WZR GHFDGHV KDV DOORZHG            
SDODHRSURWHRPLFV WR EHFRPH LQFUHDVLQJO\ UHOHYDQW LQ WKH ILHOGV RI DUFKDHRORJ\ DQG HYROXWLRQDU\           
ELRORJ\ 1RW RQO\ FDQ LQGLYLGXDO SURWHLQV IURP DUFKDHRORJLFDO DQG SDODHRQWRORJLFDO FRQWH[WV EH           
VWXGLHG EXW RQH FDQ DOVR DQDO\VH WKH FRPSOH[ PL[WXUHV RI SURWHLQV SURGXFHG E\ LQGLYLGXDO             
RUJDQLVPV SURWHRPHV RU JURXSV RI RUJDQLVPV PHWDSURWHRPHV IRXQG ZLWKLQ DQFLHQW VDPSOHV±          
7KLV KDV IDFLOLWDWHG WKH SK\ORJHQHWLF UHFRQVWUXFWLRQ RI H[WDQW DQG H[WLQFW VSHFLHV± LQFOXGLQJ           
WKDW RI KRPLQLQV WKH PHFKDQLVWLF LQYHVWLJDWLRQ RI SURWHLQ GHJUDGDWLRQ SDWKZD\V VWXGLHV RI           
GLDJHQHWLF DQG LQ YLYR SURWHLQ SRVWWUDQVODWLRQDO PRGLILFDWLRQV 370V± WKH UHFRQVWUXFWLRQ RI          
KXPDQ GLHW DQG VXEVLVWHQFH SDWWHUQV DQG WKH FKDUDFWHUL]DWLRQ RI SDVW KXPDQ GLVHDVHV± 7KH            
UDQJH RI WLVVXHV DQG VXEVWUDWHV WKDW FDQ EH DQDO\]HG LV VLPLODUO\ EURDG LQFOXGLQJ ERQH DQWOHU              
GHQWLQH DQG HQDPHO± HJJVKHOO VNLQ DQG VRIW WLVVXHV GHQWDO FDOFXOXV SUHVHUYHG IRRG           
UHPDLQV± SRWVKHUGV DQG FHUDPLF YHVVHOV ± ELQGLQJV DQG JOXHV± SDLQW ELQGHUV±          
WH[WLOHVDQGOHDWKHUSDUFKPHQWPRUWDUV±DQGVRLO
:KLOH SDODHRSURWHRPLFV LV D UHODWLYHO\ \RXQJ GLVFLSOLQH WKH VXUYLYDO RI DQFLHQW SURWHLQV           
RYHU DUFKDHRORJLFDO DQG JHRORJLFDO WLPHVFDOHV KDV EHHQ VWXGLHG VLQFH $EHOVRQ¶V GLVFRYHU\ RI           
DPLQR DFLGV LQ IRVVLOV LQ  ,PSRUWDQW VWXGLHV LQ RUJDQLF JHRFKHPLVWU\ ZHUH FRQGXFWHG IRU             
H[DPSOH RQ PHFKDQLVPV RI GHJUDGDWLRQ ± LQFOXGLQJ RQ WKH OLNHOLKRRG RI ILQGLQJ FROODJHQ LQ             
GLQRVDXU ERQHV  DQG RQ WKH GLIIHUHQFH EHWZHHQ SUHVHUYDWLRQ RI VRIW WLVVXHV DQG RI             
PROHFXODUOHYHO LQIRUPDWLRQ 7KHVH VWXGLHV KLJKOLJKWHG WKDW SURWHLQV DUH PRUH UHVLVWDQW WR          
GHJUDGDWLRQ WKDQ '1$ GXH WR WKHLU FKHPLFDO DQG SK\VLFDO SURSHUWLHV EXW WKDW GLDJHQHVLV            
QRQHWKHOHVV DIIHFWV WKH SURWHLQ VHTXHQFHV VR WKDW VKRUW DQG DOWHUHG SHSWLGH IUDJPHQWV WHQG WR EH              
UHFRYHUHG IURP DQFLHQW VXEVWUDWHV SURYLGLQJ WKH ILUVW FKDOOHQJH IRU SURWHLQ LGHQWLILFDWLRQ DQG           
DXWKHQWLFDWLRQ :KLOH WKHVH HDUO\ WHFKQRORJLHV PLJKW EH RXWGDWHG WKH FRQFOXVLRQV WKDW ZHUH           
GUDZQ IURP WKHP DUH QRW DQG WKHVH LQLWLDO VWXGLHV UHSUHVHQW WKH IRXQGDWLRQ IRU GLVWLQJXLVKLQJ             
EHWZHHQHQGRJHQRXVDOEHLWGHJUDGHGSURWHLQVDQGFRQWDPLQDWLRQ
3DODHRSURWHRPLFV DV D UHODWLYHO\ \RXQJ GLVFLSOLQH IDFHV PDQ\ RI WKH VDPH          
HSLVWHPRORJLFDO DQG DQDO\WLFDO FKDOOHQJHV WKDW WKH ILHOG RI DQFLHQW '1$ GLG URXJKO\ WZR GHFDGHV             
DJR 5HFHQW SURWHRPLF VWXGLHV RI DQFLHQW SURWHLQV H[KLELW D ZLGH GLVSDULW\ LQ GDWD UHSRUWLQJ             
VWDQGDUGV SURWHLQ DXWKHQWLFDWLRQ PHDVXUHV DQG SURFHGXUHV WDNHQ WR DYRLG SURWHLQ FRQWDPLQDWLRQ          
6XSSOHPHQWDU\ 7DEOH  0DQ\ RI WKH SULQFLSOHV SXW IRUZDUG LQ WKH ILHOG RI DQFLHQW '1$ VXFK               
DV LVRODWLRQ RI ZRUN DUHDV WKH LQFOXVLRQ RI QHJDWLYH FRQWUROV DQG WKH GHPRQVWUDWLRQ RI             
DSSURSULDWH PROHFXODU EHKDYLRXU SURYLGH D XVHIXO VWDUWLQJ SRLQW EXW DGGLWLRQDO PHDVXUHV DUH           
QHFHVVDU\ ,Q SDUWLFXODU WKH FRQVHUYHG QDWXUH RI SURWHLQV FRPSDUHG WR '1$ UHQGHUV WKH            
DXWKHQWLFDWLRQ RI DQFLHQW SURWHLQ VHTXHQFHV PRUH FKDOOHQJLQJ WKDQ WKDW RI DQFLHQW '1$ )RU            
H[DPSOH ZLWKLQ SDODHRJHQRPLFV WKH SUHVHQFH RI PXOWLSOH PLWRFKRQGULDO '1$ VHTXHQFHV ZLWKLQ          
D VLQJOH '1$ H[WUDFW FDQ EH XVHG WR ERWK GHWHFW DQG TXDQWLI\ PRGHUQ KXPDQ FRQWDPLQDWLRQ              
,Q FRQWUDVW WKH ORZ DPRXQW RI LQWUDVSHFLILF DPLQR DFLG VHTXHQFH YDULDWLRQ JHQHUDOO\ PDNHV LW             
LPSRVVLEOH WR XVH SURWHLQ VHTXHQFH YDULDWLRQ DV D FULWHULRQ E\ ZKLFK WR GHWHFW WKH SUHVHQFH RI               
PXOWLSOH FRQWULEXWLQJ LQGLYLGXDOV RI WKH VDPH VSHFLHV WR D VLQJOH VDPSOH 1HYHUWKHOHVV PDQ\            
FRQFUHWH VWHSV FDQ EH WDNHQ LQ WKH ILHOG LQ WKH ODERUDWRU\ DQG GXULQJ DQDO\VLV WR PLWLJDWH WKH GXDO                 
FKDOOHQJHV SRVHG E\ FRQWDPLQDWLRQ DQG GHJUDGDWLRQ DQG WR LPSURYH WKH LGHQWLILFDWLRQ RI           
HQGRJHQRXV SURWHLQV $XWKHQWLFDWLRQ FULWHULD DUH HVVHQWLDO EHFDXVH UHSRUWLQJ WKH LGHQWLILFDWLRQ RI          
H[WUDRUGLQDU\ SXUSRUWHGO\ DQFLHQW SURWHLQV ZLWKRXW VXIILFLHQW HYLGHQFH RI DXWKHQWLFDWLRQ FDQ         
GDPDJHWKHFUHGLELOLW\RIWKLVHPHUJLQJUHVHDUFKDUHD
+HUH ZH FROODWH DQG VXJJHVW D QXPEHU RI ³EHVW SUDFWLFHV´ IRU WKH VDPSOLQJ JHQHUDWLRQ             
DQDO\VLV DQG UHSRUWLQJ RI DQFLHQW SURWHLQ VHTXHQFH GDWD LQ WKH VFLHQWLILF OLWHUDWXUH VXPPDUL]HG LQ             
%R[  ZKLFK ZH KRSH ZLOO EH XVHIXO WR UHVHDUFKHUV UHYLHZHUV DQG HGLWRUV %XLOGLQJ RQ RXU               
FROOHFWLYH H[SHULHQFHV DFURVV VL[ GLIIHUHQW SDODHRSURWHRPLFV ODERUDWRULHV DQG LQ RXU UROHV DV ERWK            
UHVHDUFKHUV DQG UHYLHZHUV RXU VXJJHVWLRQV DUH LQWHQGHG WR FRPSOHPHQW  QRW UHSODFH  SUHYLRXVO\             
HVWDEOLVKHG JXLGHOLQHV IRU PRGHUQ SURWHRPLF VWXGLHV HJIRU H[DPSOH  6RPH DVSHFWV PLJKW DSSHDU            
FRPPRQ SUDFWLFH EXW ZH VWDWH WKHP QHYHUWKHOHVV DV WKH HPHUJLQJ UHVHDUFK DUHD HQFRPSDVVHV            
VFKRODUV LQ D YDULHW\ RI GLVFLSOLQHV IRU H[DPSOH DQDO\WLFDO FKHPLVWU\ HYROXWLRQDU\ ELRORJ\           
RUJDQLF JHRFKHPLVWU\ DUFKDHRORJ\ SDOHRQWRORJ\ &ULWHULD WKDW PD\ DSSHDU REYLRXV RU VWDQGDUG          
WR PHPEHUV RI RQH ILHOG PD\ EH SHUFHLYHG DV LQQRYDWLYH RU QRYHO WR PHPEHUV RI DQRWKHU 2QH                
DLP RI WKLV DUWLFOH LV WKHUHIRUH WR HVWDEOLVK D FRPPRQ IRXQGDWLRQ VR WKDW UHVHDUFKHUV DFURVV              
GLVFLSOLQDU\ EDFNJURXQGV FDQ FRQWULEXWH WR WKH JURZWK RI WKLV QHZ ILHOG :H DUH DZDUH WKDW DV               
QHZ H[SHULPHQWDO DQG GDWD DQDO\VLV VWUDWHJLHV HPHUJH WKHVH JXLGHOLQHV ZLOO QR GRXEW UHTXLUH            
IXUWKHU UHILQHPHQW DQG DPHQGPHQW +RZHYHU LQ WKH VSLULW RI WKH LQIOXHQWLDO DQFLHQW '1$            
UHVHDUFK SULQFLSOHV SURSRVHG E\ *LOEHUW HW DO ZH HPSKDVLVH WKDW DW D PLQLPXP UHVHDUFKHUV             
PXVW SURYLGH GHWDLOV RQ KRZ GDWD ZHUH JHQHUDWHG DQG DXWKHQWLFDWHG VR WKDW RWKHUV PD\ EH DEOH WR                
HIIHFWLYHO\HYDOXDWHDQFLHQWSURWHLQLGHQWLILFDWLRQV

7RZDUGVD6WDQGDUGLVHG3UDFWLFHRI3DODHRSURWHRPLFV
6HOHFWLRQDQG6DPSOLQJ
,Q RUGHU WR SXEOLVK KLJKLPSDFW VWXGLHV ZLWKLQ D FRPSHWLWLYH UHVHDUFK FOLPDWH LW FDQ EH             
WHPSWLQJ WR DSSO\ ³IDVW VFLHQFH´  WR IRFXV LPPHGLDWHO\ RQ H[FHSWLRQDO VDPSOHV RI JUHDW             
DQWLTXLW\ UDULW\ RU WKHLU SHUFHLYHG LPSRUWDQFH +RZHYHU DUFKDHRORJLFDO DQG SDODHRQWRORJLFDO         
VDPSOHV DUH LUUHSODFHDEOH DQG KDYH KLJK FXOWXUDO YDOXH 7KHUHIRUH SUHFHGLQJ WKH LQFHSWLRQ RI            
UHVHDUFK SURMHFWV UHVHDUFKHUV PXVW FRQVLGHU ZKHWKHU GHVWUXFWLYH VDPSOLQJ LV QHFHVVDU\ ZKHWKHU          
DOWHUQDWLYH QRQGHVWUXFWLYH PHWKRGRORJLHV± FRXOG EH HPSOR\HG DQGRU ZKDW WHFKQLTXHV FDQ EH          
XWLOL]HG WR UHGXFH WKH VDPSOH VL]H QHFHVVDU\ IRU DQDO\VLV )XUWKHU UHVHDUFK LV DOVR QHHGHG WR              
H[SORUH WKH LQWHJUDWLRQ RI PXOWLSOH ELRPROHFXODU DQDO\VHV IURP PLQLPDOO\VL]HG VDPSOHV 7KLV LV           
HVSHFLDOO\ YLWDO DV QHZ PHWKRGRORJLFDO DGYDQFHV ZLOO QR GRXEW OHG WR IXUWKHU LQVLJKWV IURP             
VDPSOHV LQ WKH IXWXUH )LQDOO\ SLORW VWXGLHV VKRXOG EH FRQGXFWHG LQ RUGHU WR WHVW WKH HIILFLHQF\ RI                
WKH DQDO\WLFDO PHWKRG XVLQJ OHVV SUHFLRXV PDWHULDOV DQGRU DUWLILFLDO GLDJHQHVLV RQ PRGHUQ           
DQDORJXHV
,Q VHOHFWLQJ VDPSOHV IRU GHVWUXFWLYH DQDO\VLV VHYHUDO FRQVLGHUDWLRQV VKRXOG EH NHSW LQ           
PLQG 7KH FKRLFH RI VDPSOHV VKRXOG EH JRYHUQHG E\ DQ DZDUHQHVV RI WKH QDWXUH DQG LPSDFW RI                
GLDJHQHVLV  WKH SK\VLFRFKHPLFDO FKDQJHV WKDW DIIHFW ERWK WKH RUJDQLF DQG LQRUJDQLF FRPSRQHQWV            
RI D VDPSOH WKURXJK WLPH 'LDJHQHVLV LV GULYHQ E\ D FRPSOH[ QHWZRUN RI UHDFWLRQV LQFOXGLQJ              
FKHPLFDO GHJUDGDWLRQ HJ WHPSHUDWXUH DQG DJHLQGXFLQJ SHSWLGH ERQG K\GURO\VLV DQG DPLQR          
DFLG UDFHPLVDWLRQ DQG PROHFXODU EUHDNGRZQ GULYHQ E\ HQYLURQPHQWDO IDFWRUV GXULQJ EXULDO DQG           
VWRUDJH HJ PLFURELDO GHFRPSRVLWLRQ DFLG GHFDOFLILFDWLRQ DQG ZDWHU IOXFWXDWLRQ  ,Q          
JHQHUDO WKLV ZLOO UHGXFH WKH FRQFHQWUDWLRQ RI HQGRJHQRXV SURWHLQV DOWHU WKHLU VHTXHQFHV HJ            
VRPH DPLQR DFLGV ZLOO EH GHDPLGDWHG DQG SURYLGH RSSRUWXQLWLHV IRU H[RJHQRXV SURWHLQV           
FRQWDPLQDWLRQ WR EH LQFRUSRUDWHG LQ WKH VDPSOH 6RPH VXEVWUDWHV PD\ KDUERU EHWWHU SRWHQWLDO IRU             
SUHVHUYLQJ HQGRJHQRXV SURWHLQV WKDQ RWKHUV )RU H[DPSOH PLQHUDOL]HG VDPSOHV VXFK DV ERQH           
GHQWDO FDOFXOXV DQG HJJVKHOO SURYLGH D EHWWHU SUHVHUYDWLRQDO HQYLURQPHQW IRU SURWHLQV WKDQ RWKHU            
VXEVWUDWHV 7KH SUHVHQFH RI D PLQHUDO SKDVH FDQ SURYLGH SURWHFWLRQ IURP GHJUDGDWLRQ GULYHQ E\             
H[WHUQDO IDFWRUV DQG PLQHUDORUJDQLF ELQGLQJ PD\ IDFLOLWDWH WKH VXUYLYDO RI FHUWDLQ SHSWLGHV E\            
VORZLQJ GRZQ SHSWLGH ERQG EUHDNGRZQ 7KHUH PD\ DOVR EH GLIIHUHQFHV LQ SURWHLQ SUHVHUYDWLRQ            
DPRQJ GLIIHUHQW PLQHUDOL]HG VXEVWUDWHV )RU H[DPSOH SHSWLGHV PD\ SHUVLVW ORQJHU LQ FORVHG           
V\VWHPV VXFK DV HJJVKHOO WKDQ RSHQ V\VWHPV VXFK DV ERQH +RZHYHU GHVSLWH WKHVH EURDG             
JHQHUDOLVDWLRQV SUHVHUYDWLRQ DPRQJ LQGLYLGXDO VDPSOHV LV RIWHQ KLJKO\ YDULDEOH HYHQ IURP          
ZLWKLQ WKH VDPH DUFKDHRORJLFDO VLWH  $OWKRXJK UHGXFHG VDPSOH SUHVHUYDWLRQ LQ WKH IRUP RI ORZ              
SHSWLGH DEXQGDQFH SRVHV WHFKQLFDO FKDOOHQJHV WKH LQFUHDVLQJ VHQVLWLYLW\ RI PDVV VSHFWURPHWHUV          
SDUWLDOO\ PLWLJDWHV WKLV SUREOHP DQG HQDEOHV SURWHLQ LGHQWLILFDWLRQ IURP YHU\ ORZDEXQGDQFH          
SHSWLGHV
6HYHUDO VWHSV FDQ EH WDNHQ SULRU WR SDODHRSURWHRPLFV DQDO\VLV LQ RUGHU WR HYDOXDWH SURWHLQ             
SUHVHUYDWLRQ DQG WR LGHQWLI\ SRWHQWLDO VRXUFHV RI FRQWDPLQDWLRQ GXULQJ EXULDO DQG VWRUDJH 2QH            
DSSURDFK LV WR DVVHVV WKH HOHPHQWDO FRPSRVLWLRQ RI VDPSOHV DV RUJDQLF QLWURJHQ LV D SUR[\ IRU               
SURWHLQ 3\URO\VLV*&06 DQG /& +3/& FDQ EH XVHG WR GHWHFW WKH SUHVHQFH RI DPLQR DFLGV                
LQ DQ\ SXWDWLYH SURWHLQDFHRXV VDPSOH 7KLV LV HVSHFLDOO\ LPSRUWDQW IRU YHU\ ROG VDPSOHV ZKHUHE\             
DQ DEVHQFH RI DPLQR DFLGV LQ D JLYHQ DUFKDHRORJLFDO RU SDOHRQWRORJLFDO VDPSOH KDYH EHHQ XVHG WR               
FKDOOHQJH FODLPV IRU WKH GHWHFWLRQ RI SURWHLQ VHTXHQFHV LQ IRVVLO VDPSOHV  &RQFHQWUDWLRQ DQG             
FRPSRVLWLRQDO DQDO\VHV FDQ DGGLWLRQDOO\ DVVHVV WKH \LHOG DQG LQ VRPH FDVHV WKH FKDUDFWHU RI WKH              
SUHVHUYHG SURWHLQV± )RU H[DPSOH EHFDXVH GHFRPSRVLWLRQ SURGXFWV DUH UHWDLQHG LQ FORVHG          
V\VWHPV HJ EOHDFKHG HJJVKHOOV WKH SURSRUWLRQ RI IUHH DPLQR DFLGV FDQ UHYHDO WKH H[WHQW RI              
GLDJHQHWLF K\GURO\VLV DQG WKLV FDQ EH FRPSOHPHQWHG E\ DVVHVVPHQW RI DPLQR DFLG UDFHPL]DWLRQ            
LH WKH LQFUHDVH LQ FRQFHQWUDWLRQ RI 'DPLQR DFLGV ,Q VDPSOHV FRQWDLQLQJ FROODJHQ SHSWLGH            
PDVV ILQJHUSULQWLQJ DOVR WHUPHG =RR06 IRU =RRDUFKDHRORJ\ E\ 0DVV 6SHFWURPHWU\ PD\ DOVR           
EH XVHIXO DV D VFUHHQLQJ WHFKQLTXH WR DVVHVV WKH H[WHQW RI SUHVHUYDWLRQ DQG RI             
GLDJHQHWLFDOO\LQGXFHG JOXWDPLQH GHDPLGDWLRQ SULRU WR ODUJHVFDOH DSSOLFDWLRQ RI WKLV PHWKRG         
DW D VLWH RU LQ DGYDQFH RI ODERULRXV DQG PRUH H[SHQVLYH VKRWJXQ SURWHRPLF DQDO\VLV 5HJDUGOHVV              
RI WKH WHFKQLTXH XVHG WR DVVHVV SURWHLQ SUHVHUYDWLRQ DQG LQWHJULW\ LW LV UHFRPPHQGHG WR ILUVW              
DQDO\]H D VPDOO VXEVHW RI VDPSOHV LQ RUGHU WR HVWDEOLVK IHDVLELOLW\ IRU D SURWHRPLFV VWXG\ RI D                
JLYHQ FROOHFWLRQ EHIRUH SURFHHGLQJ WR GHVWUXFWLYH DQDO\VLV RI D ODUJHU EDWFK RI VDPSOHV 6XFK             
DVVHVVPHQW DQG VFUHHQLQJ VKRXOG EH UHSRUWHG DORQJVLGH RWKHU GRZQVWUHDP PHDVXUHV RI          
DXWKHQWLFDWLRQDQGLQWHUSUHWDWLRQ
,Q DGGLWLRQ WR FULWLFDO VDPSOH FKRLFH DQG SLORW VFUHHQLQJ DW WKH VDPSOLQJ VWDJH UHVHDUFKHUV             
VKRXOG DOVR EH PLQGIXO WKDW WKH DSSOLFDWLRQ RI FRQVROLGDQWV UHVLQV DQG JOXHV PD\ LQWURGXFH             
FRQWDPLQDWLRQ RU PDVV VSHFWURPHWU\ LQWHUIHUHQFH 7KH XVH RI FKHPLFDO VWDELOL]HUV LV ZLGHVSUHDG           
LQ PXVHXP FRQVHUYDWLRQ SUDFWLFH DQG VXFK WUHDWPHQW PD\ UHVXOW LQ WKH XQLQWHQWLRQDO           
LQWURGXFWLRQ RI PRGHUQ SURWHLQV VXFK DV DQLPDO FROODJHQV LQ JOXHV SODQW SURWHLQV LQ QDWXUDO             
UHVLQV RU LQVHFW SURWHLQV LQ VKHOODF +HQFH UHVHDUFKHUV VKRXOG EH PLQGIXO RI WKH SRVWH[FDYDWLRQ             
KLVWRU\ RI VDPSOHV DQG NQRZ WKDW UHFRUGV RI VXFK WUHDWPHQWV DUH RIWHQ PLVVLQJ IRU WK DQG HDUO\                
WK FHQWXU\ FROOHFWLRQV )LJXUH  $GGLWLRQDOO\ UHVHDUFKHUV DQG FXUDWRUV VKRXOG DYRLG WKH XVH            
RI SODVWLF ILOPV VXFK DV SDUDILOP DV WKHVH SRO\PHUV FDQ FDXVH PDVV VSHFWURPHWU\ LQWHUIHUHQFH             
)XUWKHUPRUH PDWHULDO LQWHQGHG IRU DQFLHQW SURWHLQ DQDO\VLV VKRXOG RQO\ EH KDQGOHG ZLWK           
QRQODWH[JORYHVDVVNLQSURWHLQVDQGODWH[PD\LQWURGXFHDGGLWLRQDOFRQWDPLQDWLRQ
/DERUDWRU\&RQVLGHUDWLRQV
&RQWDPLQDWLRQ LV D FHQWUDO FRQFHUQ LQ DQ\ SDODHRSURWHRPLFV SURMHFW DV LW SRWHQWLDOO\           
SURYLGHV IDOVH LQVLJKWV LQWR SURWHLQ FRPSRVLWLRQ SK\ORJHQ\ DQG SURWHLQ PRGLILFDWLRQ         
&RQWDPLQDWLRQ FDQ EH LQWURGXFHG DW QHDUO\ DQ\ VWDJH RI EXULDO H[FDYDWLRQ VWRUDJH DQG DQDO\VLV             
)LJXUH  EXW D QXPEHU RI FRQFUHWH PHDVXUHV FDQ EH WDNHQ WR UHGXFH FRQWDPLQDWLRQ IURP              
PRGHUQ SURWHLQV LQ WKH ODERUDWRU\ HQYLURQPHQW DV ZHOO DV FURVVFRQWDPLQDWLRQ EHWZHHQ DQFLHQW           
VDPSOHV 6XFK PHDVXUHV VKRXOG EH GHVFULEHG LQ SXEOLFDWLRQV DQG DW D PLQLPXP LQFOXGH H[WUDFWLRQ             
EODQNV WKH ZHDULQJ RI SURWHFWLYH FORWKLQJ LQFOXGLQJ QRQODWH[ JORYHV ODWH[ LV D QDWXUDO SURGXFW             
FRQWDLQLQJ SURWHLQV WKH XVH RI FOHDQ VXUIDFHV DQG HTXLSPHQW HJ ZDVKHG ZLWK EOHDFK VROXWLRQ             
HWKDQRORUEDNHGJODVVZDUHFKHPLFDOO\SXUHUHDJHQWVDQGQRUHXVHRIFRQVXPDEOHV
/DERUDWRULHV DQDO\VLQJ DQFLHQW SURWHLQV VKRXOG PDNH DWWHPSWV WR UHGXFH WKH SUHVHQFH RI           
SURWHLQDFHRXV PDWHULDO LQ WKH EDFNJURXQG ODERUDWRU\ HQYLURQPHQW LQFOXGLQJ NHUDWLQV IURP ZRRO          
KDLU DQG VNLQ DV ZHOO DV FRPPRQ SURWHLQEDVHG ODERUDWRU\ UHDJHQWV 6WHSV WR DFKLHYH WKLV PD\              
LQFOXGH ZHDULQJ V\QWKHWLF RU FRWWRQ FORWKLQJ QR ZRRO VLON UXEEHU RU OHDWKHU FRYHULQJ H[SRVHG             
VNLQ RQ WKH KDQGV DQG DUPV DW DOO WLPHV DQG XVLQJ IDFHPDVNV DQG KDLUQHWV $GGLWLRQDOO\              
SURWHLQEDVHG ODERUDWRU\ UHDJHQWV VXFK DV ERYLQH VHUXP DOEXPLQ %6$ DQG FKLFNHQ O\VR]\PH           
VKRXOG EH DYRLGHG ,I DYDLODEOH WKH XVH RI D GHDG DLU ER[ RU SRVLWLYH SUHVVXUH ODPLQDU IORZ KRRG                 
LV DOVR HQFRXUDJHG LQ RUGHU WR SURYLGH D VWHULOH RU VHPLVWHULOH HQYLURQPHQW ZKHUH DQFLHQW             
VDPSOHVFDQEHKDQGOHGVDIHO\
&URVVFRQWDPLQDWLRQ IURP PRGHUQ SURWHLQV FDQ EH PLQLPL]HG E\ VHSDUDWLQJ DV PXFK DV           
SRVVLEOH WKH LQLWLDO VWDJHV RI DQFLHQW SURWHLQ UHVHDUFK VDPSOLQJ H[WUDFWLRQ DQG SURWHLQ GLJHVWLRQ            
IURP RWKHU ODERUDWRULHV RU HQYLURQPHQWV ZKHUH PRGHUQ SURWHLQV DUH KDQGOHG DV LV FRPPRQ LQ WKH              
ILHOG RI DQFLHQW '1$ 7KH H[WUDFWLRQ DQG GLJHVWLRQ RI DQFLHQW SURWHLQV VKRXOG EH SHUIRUPHG LQ D               
ORFDWLRQ VHSDUDWH IURP H[SHULPHQWV ZRUNLQJ ZLWK PRGHUQ PDWHULDO HJ PRGHUQ IRRG SURGXFWV           
FHOO FXOWXUHV RU WLVVXH VWXGLHV ,Q WKH DEVHQFH RI IXOO VHSDUDWLRQ VSXULRXV FRQWDPLQDWLRQ HYHQWV             
FDQ VWLOO RFFXU HYHQ LI SUHFDXWLRQV DUH XQGHUWDNHQ WR UHGXFH FURVVFRQWDPLQDWLRQ FRQWULEXWLQJ WR            
GRXEW ZKHQ XQH[SHFWHG RU H[WUDRUGLQDU\ ILQGLQJV DUH REVHUYHG )RU H[DPSOH D UHFHQW VWXG\            
UHSRUWHG WKH LGHQWLILFDWLRQ RI WZR &ULPHDQ&RQJR KHPRUUKDJLF IHYHU YLUXV &&+)9 SHSWLGHV LQ           
ILYH RI VL[ HDUO\ ,URQ $JH  %&( PRUWXDU\ YHVVHOV IURP *HUPDQ\  7RGD\ WKH              
GLVWULEXWLRQ RI WKLV WLFNERUQH YLUXV LV OLPLWHG WR WKH %DONDQV DQG SDUWV RI $VLD DQG $IULFD DQG                
OLWWOH LV NQRZQ DERXW LWV RULJLQV RU KLVWRU\ KHQFH PDNLQJ LWV LQFLGHQWDO GLVFRYHU\ LQ ,URQ $JH               
*HUPDQ\ DQ H[WUDRUGLQDU\ ILQGLQJ +RZHYHU LW FDQQRW EH RYHUORRNHG WKDW WKH UHVHDUFK ZDV            
SHUIRUPHG DW WKH 8QLYHUVLW\ RI 7H[DV 0HGLFDO %UDQFK LQ *DOYHVWRQ 7H[DV D ZRUOG OHDGHU LQ WKH               
VWXG\ RI YLUDO SDWKRJHQHVLV LQFOXGLQJ &&+)9 QRU WKDW WKH WZR &&+)9 SHSWLGHV LGHQWLILHG DUH             
DOVR FRPSRQHQWV RI V\QWKHWLF YHFWRUV UHYHUVH JHQHWLFV YHFWRUV S70 DQG S70$6.$ XVHG           
WR VWXG\ YLUDO YLUXOHQFH +HQFH WR DYRLG LQVWDQFHV RI FURVV FRQWDPLQDWLRQ DV ZHOO DV OLQJHULQJ              
GRXEWV RYHU SRVVLEOH FURVVFRQWDPLQDWLRQ HYHQWV ZH DGYRFDWH WKH XVH RI GHGLFDWHG H[WUDFWLRQ           
HQYLURQPHQWVIRUDQFLHQWSURWHLQV
&URVV FRQWDPLQDWLRQ IURP DQFLHQW SURWHLQV DV RSSRVHG WR PRGHUQ VKRXOG DOVR EH           
PLQLPL]HG WKURXJK FOHDQLQJ RI VDPSOH SURFHVVLQJ DUHDV DQG HTXLSPHQW E\ DYRLGLQJ WKH UHXVH RI             
FRQVXPDEOHV DQG E\ SUHSDULQJ IUHVK UHDJHQWV IRU HDFK VHW RI VDPSOH H[WUDFWLRQV &DUH VKRXOG             
DOVR EH WDNHQ ZKHQ RSHQLQJ VDPSOH WXEHV WR DYRLG VSODVKLQJ GULSSLQJ RU DHURVRO IRUPDWLRQ DQG              
VDPSOHV VKRXOG QRW EH FURZGHG LQWR WXEH UDFNV RU FHQWULIXJHV EXW UDWKHU VSDFHG RXW ZLWK RQH RU                
PRUHHPSW\ZHOOVEHWZHHQVDPSOHV
,Q RUGHU WR FKDUDFWHUL]H DQG PRQLWRU EDFNJURXQG ODERUDWRU\ FRQWDPLQDWLRQ LQFOXGLQJ WKH          
SUHVHQFH RI SRWHQWLDO FRQWDPLQDQWV LQ UHDJHQWV RU FRQVXPDEOHV EODQN H[WUDFWLRQV VKRXOG EH           
SHUIRUPHG DORQJVLGH H[WUDFWLRQV DQG WKLV GDWD VKRXOG EH DQDO\]HG UHSRUWHG DQG PDGH DYDLODEOH            
LQ D VLPLODU PDQQHU WR WKH DQFLHQW VDPSOHV XQGHU LQYHVWLJDWLRQ 7KLV DSSOLHV WR ERWK VPDOOVFDOH              
H[SHULPHQWV RQ KLJKO\ YDOXDEOH VDPSOHV DV ZHOO DV WR ODUJHVFDOH VWXGLHV LQYROYLQJ KXQGUHGV WR             
WKRXVDQGV RI VDPSOHV VXFK DV =RR06 FROODJHQ SHSWLGH PDVV ILQJHUSULQWLQJ RI DQFLHQW ERQH            
IUDJPHQWV
:H QRWH WKDW VHYHUDO DQFLHQW SURWHLQ VWXGLHV UHSRUW WKH XVH RI FKHPLFDO SUHWUHDWPHQWV WR             
UHPRYH SRWHQWLDO VXUIDFH FRQWDPLQDWLRQ SULRU WR SURWHLQ H[WUDFWLRQ LQFOXGLQJ        
DPPRQLXPELFDUERQDWH ('7$ RU EOHDFKLQJ 6XFK VWHSV KDYH SURYHQ PRGHUDWHO\        
VXFFHVVIXO LQ DQFLHQW '1$ VWXGLHV± EXW WR RXU NQRZOHGJH WKHVH WHFKQLTXHV KDYH QRW EHHQ             
ULJRURXVO\ WHVWHG RQ DQFLHQW SURWHLQ VDPSOHV ZLWK WKH H[FHSWLRQ RI EOHDFKLQJ RQ FDUERQDWH            
VXEVWUDWHV 5HVHDUFK RQ WKH HIIHFWLYHQHVV RI SURWHLQ GHFRQWDPLQDWLRQ WHFKQLTXHV RQ GLIIHUHQW          
VDPSOH VXEVWUDWHV LV PXFK QHHGHG )RU H[DPSOH DOWKRXJK PHFKDQLFDO VXUIDFH UHPRYDO PD\ EH            
HIIHFWLYH IRU VRPH VDPSOH W\SHV ERQH LV KLJKO\ SRURXV DQG LI WKH VDPSOH KDV EHHQ H[SRVHG WR                
SKDVHV RI ZHWWLQJ RU HYHQ VLJQLILFDQW FKDQJHV RI KXPLGLW\ WKHUH LV WKH SRWHQWLDO WKDW VXUIDFH              
FRQWDPLQDQWV KDYH PLJUDWHG EHORZ WKH VXUIDFH $GGLWLRQDOO\ DOWKRXJK VWURQJ FKHPLFDO R[LGDQWV          
DUH SRWHQWLDOO\ XVHIXO IRU UHPRYLQJ ERWK VXUIDFH DQG VXEVXUIDFH FRQWDPLQDQWV WKH\ DOVR KDYH WKH             
SRWHQWLDO WR GDPDJH VXUYLYLQJ HQGRJHQRXV SURWHLQV DV ZHOO XQOHVV WKH DQFLHQW SURWHLQV DUH            
SURWHFWHGZLWKLQWKHLQWUDFU\VWDOOLQHIUDFWLRQRIWKHPLQHUDOPDWUL[
$ QXPEHU RI SURWRFROV KDYH EHHQ UHSRUWHG IRU WKH H[WUDFWLRQ RI DQFLHQW SURWHLQV            
SDUWLFXODUO\ IRU WKH H[WUDFWLRQ RI ERQH SURWHLQ ± DQG LQFOXGH SURWRFROV EDVHG RQ 6'6 EXIIHUV              
DQG SRO\DFU\ODPLGH JHOV  )LOWHU$LGHG 6DPSOH 3UHSDUDWLRQ )$63 DQG *HO$LGHG         
6DPSOH 3UHSDUDWLRQ *$63 +RZHYHU WKH HIILFDF\ RI WKHVH SURWRFROV WKHLU GRZQVWUHDP          
HIIHFW RQ SURWHLQ LGHQWLILFDWLRQ DQG UHVXOWLQJ FKHPLFDOO\LQGXFHG PRGLILFDWLRQ KDYH QRW EHHQ          
V\VWHPDWLFDOO\ FRPSDUHG LQ VWXGLHV RI DQFLHQW SURWHLQV DOWKRXJK H[DPSOHV H[LVW WKDW FRPSDUH           
WKHLUSHUIRUPDQFHRQPRGHUQPDWHULDO
0DVV6SHFWURPHWU\
7KH FXUUHQW JHQHUDWLRQ RI PDVV VSHFWURPHWHUV DUH SRZHUIXO KLJKSHUIRUPDQFH LQVWUXPHQWV DQG          
WKH KDUGZDUH DQG RSHUDWLRQDO FRVWV RI VXFK V\VWHPV W\SLFDOO\ H[FHHG WKH EXGJHW RI LQGLYLGXDO             
ODEV &RQVHTXHQWO\ PRVW SDODHRSURWHRPLFV UHVHDUFK SURMHFWV XWLOL]H PDVV VSHFWURPHWHUV DW         
LQVWLWXWLRQDO FRUH IDFLOLWLHV VXFK DV WKRVH DYDLODEOH DW PDQ\ XQLYHUVLWLHV PHGLFDO VFKRROV DQG            
KRVSLWDOV ,Q NHHSLQJ ZLWK VWDQGDUGV IRU PRGHUQ SURWHRPLF DQDO\VHV LQVWUXPHQW SDUDPHWHUV VXFK           
DV WKH /& FROXPQ W\SH 0606 PRGHO DQG FROOLVLRQ FHOO W\SH VKRXOG EH GHVFULEHG LQ WKH               
PDQXVFULSW HYHQ ZKHQ DQFLHQW SURWHLQ H[WUDFWLRQV DUH UXQ DW DQ H[WHUQDO FRUH IDFLOLW\ 7KHVH             
FRUH IDFLOLWLHV W\SLFDOO\ DQDO\]H KXQGUHGV RI VDPSOHV /&0606 WR WKRXVDQGV RI VSRWV           
0$/',72)06 SHU \HDU RQ D VLQJOH LQVWUXPHQW %HFDXVH RI WKLV LQVWUXPHQW FDUU\RYHU LH            
WKH GHOD\HG HOXWLRQ RI SHSWLGHV IURP SUHYLRXV /& UXQV XVLQJ WKH VDPH +3/& FROXPQ LV D VHULRXV                
FRQFHUQ DV FOLHQWV PD\ KDYH OLWWOH FRQWURO RYHU KRZ IUHTXHQWO\ WKH LQVWUXPHQW LV FOHDQHG KRZ              
RIWHQ WKH +3/& FROXPQV DUH FKDQJHG RU ZKLFK VDPSOHV DUH DQDO\]HG EHIRUH DQ DQFLHQW SURWHLQ              
VWXG\ ,W LV LPSRUWDQW WKDW SDODHRSURWHRPLFV UHVHDUFKHUV GLVFXVV WKHLU UHTXLUHPHQWV GLUHFWO\ ZLWK           
WKH UHVHDUFKHUV DQGRU WHFKQLFLDQV LQ FKDUJH RI DQDO\VLQJ WKHLU VDPSOHV 3DODHRSURWHRPLFV          
SURMHFWV PXVW DOVR EXLOG FRQWUROV LQWR WKHLU RZQ UHVHDUFK GHVLJQ LQ RUGHU WR GHWHFW DQG PLWLJDWH               
SRWHQWLDOFURVVSURMHFWDQGFURVVVDPSOHFDUU\RYHUHYHQWV
,QMHFWLRQ EODQNV RU ZDVK EXIIHUV VKRXOG EH UXQ EHIRUH DQG EHWZHHQ HDFK VDPSOH GXULQJ             
/&0606 DQDO\VLV LQ RUGHU WR FOHDQ WKH FROXPQ DQG LGHQWLI\ SHSWLGH FDUU\RYHU DV SHSWLGHV             
SHUVLVWLQJ LQ /& FROXPQV KDYH WKH SRWHQWLDO WR FRQWDPLQDWH VXEVHTXHQW SURWHLQ LQMHFWLRQV GXULQJ            
DQ 0606 UXQ )LJXUH  7KH UHVXOWV RI WKHVH LQMHFWLRQ EODQNV ZKLFK DUH GLVWLQFW IURP              
H[WUDFWLRQ EODQNV VKRXOG EH UHSRUWHG LQ SXEOLFDWLRQV ZLWK VHPLTXDQWLWDWLYH DQDO\VHV RI WKH GDWD            
VHH 'HPDUFKL HW DO )LJXUH  5HVHDUFKHUV PD\ QHHG WR LQYHVWLJDWH WKH H[WHQW RI FDUU\RYHU LQ               
WKHLU PDVV VSHFWURPHWU\ VHWXS EHIRUH SURFHHGLQJ ZLWK VDPSOH ORDGLQJ DQG DQDO\VLV ,Q SDUWLFXODU            
SHSWLGHV WKDW GLVSOD\ VWURQJ ELQGLQJ DIILQLWLHV WR PLQHUDO SKDVHV LQ         
DUFKDHRORJLFDOSDODHRQWRORJLFDO PDWHULDO DQG WKXV SHUVLVW WKURXJK WLPH PD\ DOVR EH WKRVH          
SHSWLGHV WKDW DGKHUH WR /& FROXPQV 7KHUHIRUH FDUU\RYHU PD\ SDUWLFXODUO\ LPSDFW WKRVH SHSWLGHV            
WKDW ZH ZLVK WR FKDUDFWHULVH DQG WKXV PRQLWRULQJ WKH SUHVHQFH RI SHSWLGHV LQ LQMHFWLRQ EODQNV LV               
YLWDO $IWHU IOXVKLQJ WKH V\VWHP SULRU WR EHJLQQLQJ D SDODHRSURWHRPLFV UXQ LW LV UHFRPPHQGHG WR              
WR LQMHFW ROG YHU\ SUHFLRXV VDPSOHV ILUVW EXW RWKHUZLVH UDQGRPL]H WKH RUGHU RI WKH VDPSOHV LQ               
RUGHU WR DYRLG EDWFK HIIHFWV EXW WR UHFRUG WKH VDPSOH RUGHU VR WKDW DQ\ VXVSLFLRXV GDWD SDWWHUQV                
HJ YHU\ ROG VDPSOHV WHVWLQJ SRVLWLYH IRU D JLYHQ SURWHLQ RQO\ LI WKH\ DUH UXQ LPPHGLDWHO\ DIWHU D                 
YHU\ \RXQJ VDPSOH WKDW PD\ DULVH FDQ EH LGHQWLILHG DQG WKH VDPSOHV UHDQDO\]HG LI QHFHVVDU\              
'HWDLOV RQ WKH LQMHFWLRQ GHYLFH DQG /& FROXPQV VXFK DV WKRVH UHODWLQJ WR WKH DXWRVDPSOHU ORRS               
IORZUDWHDQGFDUWULGJHV\VWHPVFDQEHSURYLGHGLQPDQXVFULSWV
5HSOLFDWLRQ LV RSWLPDO IRU YDOLGDWLQJ UHVXOWV LQ SDUWLFXODU IRU FULWLFDO VDPSOHV RU IRU            
H[WUHPHO\ QRYHO UHVXOWV 7KHUH DUH VHYHUDO VWUDWHJLHV IRU YDOLGDWLQJ WKURXJK UHSOLFDWLRQ LQFOXGLQJ           
H[SHULPHQWDO UHSOLFDWLRQ WKURXJK WKH FRPSOHWH UHH[WUDFWLRQ RI WKH VDPH VDPSOH LQ WKH VDPH            
ODERUDWRU\ RU PRUH RSWLPDOO\ LQ DQ LQGHSHQGHQW ODERUDWRU\ RU DQ DQDO\WLFDO UHSOLFDWLRQ           
WKURXJK UHSHDWHG 0606 DQDO\VHV RI WKH VDPH SURWHLQ H[WUDFW :H UHFRJQL]H WKDW LQ FDVHV RI              
VPDOO DPRXQWV RI VWDUWLQJ PDWHULDO RU YHU\ UDUH RU SUHFLRXV VSHFLPHQV LW PD\ QRW EH SRVVLEOH WR                
SHUIRUP PXOWLSOH H[SHULPHQWDO UHSOLFDWLRQV :H DOVR UHDOL]H WKDW UHSOLFDWLRQ LQ LQGHSHQGHQW          
ODERUDWRULHV PLJKW SODFH D VLJQLILFDQW EXUGHQ RQ QHZO\ HVWDEOLVKLQJ UHVHDUFK JURXSV GXH WR WKH             
KLJK FRVW RI WKH DQDO\VHV DQG WKH UHODWLYHO\ VPDOO QXPEHU RI ODERUDWRULHV FXUUHQWO\ VSHFLDOL]LQJ LQ              
DQFLHQW SURWHLQ DQDO\VLV 1HYHUWKHOHVV LQGHSHQGHQW UHSOLFDWLRQ LV D SRZHUIXO PHWKRG RI          
YDOLGDWLRQ WKDW VKRXOG EH SHUIRUPHG LI DW DOO SRVVLEOH ZKHQ UHSRUWLQJ QRYHO H[WUDRUGLQDU\ RU             
XQH[SHFWHG ILQGLQJV +RZHYHU LW VKRXOG EH QRWHG WKDW LQ ERWK FDVHV DQ\ FRQWHVWLPDWHG SHSWLGH             
DQG SURWHLQ IDOVH GLVFRYHU\ UDWHV )'5 DPLQDWLRQ RFFXUULQJ SULRU WR WKH LQWURGXFWLRQ RI D             
VDPSOH LQWR DQ DQFLHQW SURWHLQ ODERUDWRU\ ZLOO QRW EH LGHQWLILHG RU UHVROYHG E\ UHSOLFDWLRQ )LJXUH              
UHLWHUDWLQJWKHQHHGIRUFDUHGXULQJVDPSOHVHOHFWLRQ
3HSWLGHDQG3URWHLQ,GHQWLILFDWLRQ
2QFH PDVV VSHFWUD KDYH EHHQ JHQHUDWHG WKHLU LQWHUSUHWDWLRQ ZLOO OHDG WR WKH LGHQWLILFDWLRQ RI             
SHSWLGHV VHTXHQFHV DQG VXEVHTXHQWO\ RI SURWHLQV $V ZLWK PRGHUQ VWXGLHV  DW D PLQLPXP             
HVVHQWLDO LQIRUPDWLRQ VKRXOG EH SURYLGHG RQ VHDUFK WROHUDQFHV ERWK 06 DQG 06 IL[HG DQG             
YDULDEOH SURWHLQ PRGLILFDWLRQV SHSWLGHVSHFWUXP PDWFKHV 360 VFRUH FXWRIIV SHSWLGH HYDOXHV         
ZKHWKHU GH QRYR DQGRU HUURUWROHUDQW PDWFKHV ZHUH DOORZHG DQG ZKLFK DOJRULWKP ZDV XVHG WR             
FRQGXFW WKHVH VHDUFKHV HJ 0DVFRW 6HTXHVW ,Q NHHSLQJ ZLWK PRGHUQ SURWHLQ VWXGLHV SURWHLQ            
LGHQWLILFDWLRQV VKRXOG EH PDGH RQ WKH EDVLV RI D PLQLPXP RI WZR VXSSRUWLQJ SHSWLGHV DQG VKRXOG               
EH UHSRUWHG 3URWHLQ VHTXHQFH GDWDEDVHV VKRXOG EH DFFHVVLEOH HLWKHU DV VXSSOHPHQWDU\          
LQIRUPDWLRQ RU E\ FOHDU GLUHFWLRQV WR RQOLQH UHSRVLWRULHV HJ 8QL3URW LQFOXGLQJ WKH GDWH DW             
ZKLFK D UHSRVLWRU\ ZDV DFFHVVHG RU GRZQORDGHG $OO QRYHO DPLQR DFLG VHTXHQFHV VKRXOG EH             
VXSSRUWHG E\ PRUH WKDQ RQH 0606 SHSWLGHVSHFWUXP PDWFK 360 :KHUH SRVVLEOH PDQXDO           
GHQRYRYHULILFDWLRQVKRXOGEHXVHGDVDVXSSRUWIRUQRYHODPLQRDFLGVHTXHQFHV
6SHFWUDO DQDO\VLV VKRXOG DOORZ IRU WKH W\SHV RI GLDJHQHWLF SURWHLQ PRGLILFDWLRQV W\SLFDOO\           
HQFRXQWHUHG ZKHQ GHDOLQJ ZLWK DUFKDHRORJLFDO DQG SDODHRQWRORJLFDO PDWHULDO VXFK DV JOXWDPLQH          
DQG DVSDUDJLQH GHDPLGDWLRQ SRVVLEO\ PHWKLRQLQH DQG WU\SWRSKDQ GLR[LGDWLRQ WKH IRUPDWLRQ RI          
S\URJOXWDPLF DFLG DV ZHOO DV SHSWLGH FOHDYDJHV XQUHODWHG WR H[SHULPHQWDOO\GHULYHG HQ]\PDWLF          
GLJHVWLRQ +RZHYHU WKH LQFUHDVHG G\QDPLF UDQJH RI LQVWUXPHQWV PHDQ WKDW ORZ DEXQGDQFH           
SHSWLGHV IURP QRQVWDQGDUG WU\SWLF FOHDYDJH DQG YDULDWLRQV LQ ERWK FRPPHUFLDO WU\SVLQ          
SHUIRUPDQFH DQG LQVRXUFH IUDJPHQWDWLRQ PD\ EH PLVWDNHQ IRU K\GURO\WLF GDPDJH *LYHQ WKH           
KLJK HUURU UDWH ERWK IDOVHQHJDWLYHV DQG IDOVHSRVLWLYHV DVVRFLDWHG ZLWK GH QRYR DQG           
HUURUWROHUDQW VHDUFK HQJLQHV UHVHDUFKHUV VKRXOG VXEVWDQWLDWH FODLPV EDVHG RQ WKH LGHQWLILFDWLRQ          
RI QRYHO SURWHLQ VHTXHQFHV 7KLV FDQ EH DFKLHYHG XVLQJ VWDWLVWLFDO SDUDPHWHUV UHTXLULQJ           
QHDUFRPSOHWH IUDJPHQW LRQ VHULHV LQ PXOWLSOH VSHFWUD RYHUODSSLQJ WKH SRVLWLRQ RI LQWHUHVW DQGRU            
DFWXDOLVWLF ELRLQIRUPDWLF H[SHULPHQWV ZKHUH WKH FRUUHFW VHTXHQFH LV NQRZQ EXW UHPRYHG IURP WKH            
VHDUFKHG GDWDEDVH EHIRUH DQDO\]LQJ DQFLHQW VDPSOHV XVLQJ D VLPLODU ELRLQIRUPDWLF ZRUNIORZ          
ZKHQ QR PRGHUQ UHIHUHQFH VHTXHQFHV DUH DYDLODEOH 9DOLGDWLRQ RI QRYHO SHSWLGH VHTXHQFHV FDQ            
EH DFKLHYHG E\ LQFRUSRUDWLQJ VXFK PRGLILHG DPLQR DFLG VHTXHQFHV LQWR D VHFRQG URXQG RI             
DQDO\VLVZLWKDPRGLILHGVHTXHQFHGDWDEDVH
$GGLWLRQDOO\ UHVHDUFKHUV VKRXOG FDUHIXOO\ FRQVLGHU WKHLU VHOHFWLRQ RI UHIHUHQFH GDWDEDVHV         
GXULQJ GDWD DQDO\VLV DQG VKRXOG DOZD\V LQFOXGH PLFURELDO DQGRU FRPPRQ FRQWDPLQDQW UHIHUHQFH           
GDWDEDVHV DV DSSURSULDWH 7KH IDLOXUH WR VHOHFW DSSURSULDWH GDWDEDVHV PD\ UHVXOW LQ SHSWLGH            
PLVDVVLJQPHQW RU HYHQ SURWHLQ PLVLGHQWLILFDWLRQ DQG WD[RQRPLF PLVDVVLJQPHQW LV DQ HVSHFLDOO\          
FRPPRQ SUREOHP ZKHQ XVLQJ VPDOO FXUDWHG GDWDEDVHV )RU H[DPSOH 6ZLVV3URW D PDQXDOO\           
DQQRWDWHG DQG QRQUHGXQGDQW SURWHLQ VHTXHQFH GDWDEDVH RI UHYLHZHG SURWHLQ VHTXHQFHV FRQWDLQV          
WKH QHDUO\ FRPSOHWH SURWHRPHV RI PDQ\ PRGHO RUJDQLVPV VXFK DV PRXVH 0XV PXVFXOXV  DQG             
KXPDQ +RPR VDSLHQV  EXW RQO\ SDUWLDO SURWHRPHV RI RWKHU WD[D VXFK DV VKHHS 2YLV DULHV JRDW               
&DSUD KLUFXV  FRZ %RV WDXUXV  DQG SLJ 6XV VFURID  (XNDU\RWLF SHSWLGH VHDUFKHV DJDLQVW            
6ZLVV3URW WHQG WR UHVXOW LQ DFFXUDWH SURWHLQ DVVLJQPHQWV KRZHYHU LQFRUUHFW VSHFLHV          
LGHQWLILFDWLRQ PD\ RFFXU GXH WR SURWHLQ KRPRORJ\ DQG ZKHQ QRQPRGHO RUJDQLVPV DUH DEVHQW RU             
XQGHUUHSUHVHQWHG LQ WKH GDWDEDVH )RU H[DPSOH LQ D UHFHQW DQDO\VLV RI SURWHLQV H[WUDFWHG IURP D              
PHGLHYDO VKHHS WRRWK XVLQJ 6ZLVV3URW DV WKH VHDUFK GDWDEDVH LW ZDV IRXQG WKDW RQO\  RI WKH                
LGHQWLILHG HXNDU\RWLF SURWHLQV ZHUH DVVLJQHG WR VKHHS ZKLOH WKH UHPDLQLQJ SURWHLQV ZHUH           
PLVDVVLJQHG WR FDWWOH KXPDQ PRXVH SLJ DQG JRDW  ,Q HDFK FDVH WKH LQFRUUHFW VSHFLHV ZDV               
DVVLJQHG ZKHQ WKH UHOHYDQW VKHHS SURWHLQ ZDV DEVHQW IURP WKH 6ZLVV3URW GDWDEDVH           
6XSSOHPHQWDU\ 7DEOH  6XFK GDWDEDVH ELDV LV REYLRXV ZKHQ DQDO\]LQJ DUFKDHRORJLFDO WLVVXHV           
WKDW RULJLQDWH IURP D VLQJOH DQLPDO EXW LW SRVHV PRUH VHULRXV SUREOHPV ZKHQ DQDO\]LQJ             
PHWDSURWHRPHV VXFK DV WKRVH H[WUDFWHG IURP FHUDPLF UHVLGXHV RU GHQWDO FDOFXOXV +HUH PXOWLSOH            
VSHFLHV PLJKW EH H[SHFWHG IURP D VLQJOH VDPSOH DQG GDWDEDVH ELDV PXVW EH DFFRXQWHG IRU LQ               
RUGHUWRDYRLGWKHUHSRUWLQJRIDQDO\WLFDODUWLIDFWVDQG³SKDQWRP´WD[D
%HFDXVH KDQGOLQJ RI DUFKDHRORJLFDO DQG SDODHRQWRORJLFDO VSHFLPHQV GXULQJ H[FDYDWLRQ        
DQG FXUDWLRQ SURYLGHV SOHQW\ RI RSSRUWXQLWLHV IRU KXPDQ RU DQLPDO SURWHLQ FRQWDPLQDWLRQ RU            
FURVVFRQWDPLQDWLRQ IURP RWKHU DUWHIDFWV )LJXUH  LW LV UHFRPPHQGHG WR LQFOXGH SRVVLEOH           
KXPDQ FRQWDPLQDWLQJ SURWHLQV LQ UHIHUHQFH GDWDEDVHV LQ VHDUFKHV RI QRQKXPDQ WLVVXHV IRU           
H[DPSOH DQLPDO ERQHV ,GHDOO\ WKLV DOVR LQFOXGHV KXPDQ FROODJHQ W\SH , VHTXHQFHV JLYHQ WKLV             
SDUWLFXODU SURWHLQ¶V UHVLOLHQFH WR GHJUDGDWLRQ DQG LWV SUHVHQFH LQ WKH GHUPLV RI WKH VNLQ             
$GGLWLRQDOO\ RWKHU VNLQ SURWHLQV VXFK DV GHVPRJOHLQ '6* GHUPFLGLQ '&' MXQFWLRQDO          
SODNRJORELQ -83 DQG RI FRXUVH NHUDWLQV ERWK IURP KXPDQV DQG DQLPDOV DUH UHFXUULQJ            
FRQWDPLQDQWV &RQWDPLQDWLQJ NHUDWLQV PD\ GHULYH IURP VNLQ DQG FORWKLQJ EXW DOVR SRWHQWLDOO\           
IURP EUXVKHV RU RWKHU HTXLSPHQW XVHG LQ VDPSOH SUHSDUDWLRQ DQG FRQVHUYDWLRQ )XWXUH VWXGLHV            
IRFXVLQJ RQ WKH DQDO\VLV RI PXPPLILHG VNLQ DQFLHQW IXUV DQG WH[WLOHV ZLOO QHHG WR DGGUHVV WKH               
SUREOHP RI KRZ WR UHOLDEO\ GLVWLQJXLVK DQFLHQW IURP PRGHUQ VNLQ SURWHLQV HJ WKURXJK WKH VWXG\              
RI GLDJHQHWLF SURWHLQ PRGLILFDWLRQV 6XSSOHPHQWDU\ 'DWD  FRQWDLQV D OLVW RI FRPPRQO\           
HQFRXQWHUHG FRQWDPLQDQWV LQ SURWHRPLFV ODERUDWRULHV LQFOXGLQJ WKH FRPPRQ 5HSRVLWRU\ RI         
$GYHQWLWLRXV 3URWHLQV F5$3 $GGLWLRQDO OLVWV FRQWDLQLQJ FRPPRQ EDFNJURXQG FRQWDPLQDQWV        
FDQ EH IRXQG LQ WKH &RQWDPLQDQW 5HSRVLWRU\ IRU $IILQLW\ 3XULILFDWLRQ &5$3RPH 2QH VKRXOG            
NHHS LQ PLQG WKDW VRPH RI WKH SURWHLQV LQ 6XSSOHPHQWDU\ 'DWD  PD\ UHSUHVHQW HQGRJHQRXV              
SURWHLQV GHSHQGLQJ RQ WKH W\SH RI VDPSOH DQDO\]HG HJ NHUDWLQV LQ IXUV HJJ ZKLWH SURWHLQV LQ               
SDLQWLQJVRUDOEXPLQLQERQH
'DWD,QWHUSUHWDWLRQDQG$XWKHQWLFDWLRQ
)ROORZLQJ GDWD JHQHUDWLRQ VHYHUDO DGGLWLRQDO DQDO\VHV FDQ EH SHUIRUPHG WR IXUWKHU          
DXWKHQWLFDWH DQG DIILUP WKH YDOLGLW\ RI WKH UHVXOWV /LNH '1$ SURWHLQV XQGHUJR SUHGLFWDEOH IRUPV             
RI GLDJHQHWLF DOWHUDWLRQ RYHU WLPH VR PXFK VR WKDW WKHUH LV DQ HVWDEOLVKHG ILHOG RI DPLQR DFLG                  
SURWHLQ GLDJHQHVLV JHRFKURQRPHWU\ DQG GRFXPHQWDWLRQ RI GLDJHQHWLF FKDQJHV LQ DQFLHQW         
VDPSOHV KDV EHHQ VXJJHVWHG DV D XVHIXO DXWKHQWLFDWLRQ WRRO ,Q SDUWLFXODU GLDJHQHWLFDOO\LQGXFHG           
PRGLILFDWLRQV VXFK DV JOXWDPLQH DQG DVSDUDJLQH GHDPLGDWLRQ DQG WKH SUHVHQFH RI QRQHQ]\PDWLF           
FOHDYDJHV RI LQGLYLGXDO SURWHLQV DUH H[SHFWHG WR RFFXU LQ DQFLHQW VDPSOHV 6RPH VWXGLHV            
KDYH DLPHG WR FRQWUDVW VXFK GLDJHQHWLFDOO\GHULYHG SURWHLQ PRGLILFDWLRQV EHWZHHQ GLIIHUHQW         
SURWHLQV LGHQWLILHG LQ WKH VDPH VDPSOH DOORZLQJ WKH SRWHQWLDO VHSDUDWLRQ RI HQGRJHQRXV KXPDQ            
SURWHLQVIURPFRQWDPLQDWLQJKXPDQSURWHLQV
5HVHDUFKHUV VKRXOG DOVR EH PLQGIXO WKDW DPLQR DFLG PRGLILFDWLRQV FDQ UHVXOW LQ DQ DPLQR             
DFLG SRVLWLRQ KDYLQJ D WRWDO PDVV HTXDOLQJ WKDW RI DQRWKHU DPLQR DFLG )RU H[DPSOH LQ WKH FDVH RI                 
WKH ZKH\ SURWHLQ EHWDODFWRJOREXOLQ UHSRUWHG LQ :DULQQHU HW DO LW ZDV REVHUYHG WKDW RQH RI WKH               
SURWHLQ YDULDQW VLWHV WKDW GLVWLQJXLVKHV %RYLQDH FDWWOH \DN DQG EXIIDOR IURP &DSULQDH VKHHS            
DQG JRDWV LV DQ DPLQR DFLG UHVLGXH WKDW LV DVSDUWLF DFLG LQ %RYLQDH DVSDUDJLQH LQ VKHHS DQG                
O\VLQH LQ JRDWV )LJXUH D +RZHYHU WKH GHDPLGDWLRQ RI DVSDUDJLQH UHVXOWV LQ LWV FRQYHUVLRQ WR              
DVSDUWLF DFLG )LJXUH E DQG KHQFH LW LV QRW SRVVLEOH WR GLVWLQJXLVK DQ XQPRGLILHG %RYLQDH              
UHVLGXH ' IURP D GHDPLGDWHG VKHHS UHVLGXH GH 1 DW WKLV SRVLWLRQ )LJXUH F 2QO\ WKH               
LGHQWLILFDWLRQ RI DQ XQPRGLILHG DVSDUDJLQH 1 RU D O\VLQH . ZRXOG WKHUHIRUH DOORZ VSHFLHV             
GLVFULPLQDWLRQ DW WKLV VLWH LQ PRVW VLWXDWLRQV 7KH SUHVHQFH RI GLDJHQHWLF PRGLILFDWLRQV LV            
SDUWLFXODUO\ FKDOOHQJLQJ IRU ROGHU VDPSOHV ZKHUH GHDPLGDWLRQ PLJKW KDYH FRQYHUWHG DOO          
VXUYLYLQJ HQGRJHQRXV DVSDUDJLQHV DQGU JOXWDPLQHV WR DVSDUWLF DFLG DQG JOXWDPLF DFLG          
UHVSHFWLYHO\ DQ LVVXH HQFRXQWHUHG UHFHQWO\ IRU D 0LGGOH 3OHLVWRFHQH UKLQRFHURV SURWHRPH            
$QRWKHU H[DPSOH RI VHTXHQFH DPELJXLW\ UHOHYDQW WR WKH PRVW FRPPRQ ERQH SURWHLQ FROODJHQ LV             
WKH LQFRPSOHWH IUDJPHQWDWLRQ RI D SUROLQHVHULQH SHSWLGH ERQG ZKLFK SURGXFHV D SHSWLGH           
IUDJPHQW LRQ LVREDULF WR K\GUR[\SUROLQHDODQLQH &OHDYDJH 1WHUPLQDO WR 3UR µWKH SUROLQH          
HIIHFW¶ LV HQKDQFHG ZKLOVW FOHDYDJH &WHUPLQDO WR SUROLQH LQ 06 LV GHSUHVVHG 3UROLQH            
K\GUR[\ODWLRQ LV WKH PRVW FRPPRQ SRVWWUDQVODWLRQDO PRGLILFDWLRQ RI FROODJHQ DQG 6HU$OD LV           
RQH RI WKH PRVW FRPPRQ VXEVWLWXWLRQ SDLUV WKHUHIRUH GLIIHUHQWLDWLQJ VHULQH LQ HIIHFW           
K\GUR[\DODQLQHIURPDODQLQH&WHUPLQDOWRK\GR[\SUROLQHLVHVSHFLDOO\GLIILFXOW
'DWD,QWHJUDWLRQ'DWD6KDULQJDQG5HYLHZ
&RPELQLQJ SURWHRPLF DSSURDFKHV ZLWK RWKHU ELRPROHFXODU WHFKQLTXHV ZKHUH SRVVLEOH LV         
HQFRXUDJHG DV PXOWLSOH DSSURDFKHV FDQ EH XVHG WR VXSSOHPHQW RU VXSSRUW QRYHO SURWHRPLF            
ILQGLQJV )RU H[DPSOH DQFLHQW PW'1$ VHTXHQFHV KDYH EHHQ XVHG WR VXSSRUW SDODHRSURWHRPLF           
DQDO\VHV RI KRPLQLQ WD[RQRP\  OLSLG DQG SURWHRPLF DSSURDFKHV KDYH EHHQ XVHG LQ FRPELQDWLRQ             
WR GHWHFW HDUO\ %URQ]H $JH FHUHDO JUDLQV DQG SURWHRPLF DQG LVRWRSLF DSSURDFKHV KDYH EHHQ             
XVHGWRJHWKHUWRLGHQWLI\DQFLHQWPLONFRQVXPSWLRQ
,Q WKH HUD RI µELJ GDWD¶ PDQ\ UHVHDUFK FRPPXQLWLHV DUH PDQGDWLQJ WKH ORQJWHUP FXUDWLRQ             
RI UDZ GDWDVHWV LQ D SXEOLFO\ DFFHVVLEOH IRUP DQG DQ XSGDWHG OLVW RI FRPPXQLW\UHFRJQLVHG             
UHSRVLWRULHV LV PDLQWDLQHG E\ WKH MRXUQDO 6FLHQWLILF 'DWD 7KH VKDULQJ RI UDZ DQG SURFHVVHG             
PDVV VSHFWURPHWULF GDWD LQ SXEOLF UHSRVLWRULHV VXFK DV WKH 3URWHRPH;FKDQJH LV WKHUHIRUH           
FRQVLGHUHG D QHFHVVLW\ $FFHVVLQJ DQG UHDQDO\VLQJ UDZ GDWD LV RQH ZD\ WKDW RWKHU UHVHDUFKHUV FDQ              
WHVW D VWXG\¶V ELRLQIRUPDWLF ZRUNIORZ LQ WKHLU RZQ HQYLURQPHQW $GGLWLRQDOO\ DUFKLYLQJ DOORZV           
GDWD WR EH UHVHDUFKHG LQ IXWXUH DQDO\VHV DQG PD\ OHDG WR WKH LGHQWLILFDWLRQ RI DGGLWLRQDO SURWHLQV               
DV UHIHUHQFH VHTXHQFH GDWDEDVHV DUH XSGDWHG DQG H[SDQGHG 7KLV LV HVSHFLDOO\ UHOHYDQW IRU            
YDOXDEOH FXOWXUDO KHULWDJH DQG KXPDQKRPLQLQ UHPDLQV ZKLFK PLJKW QRW EH DYDLODEOH IRU           
VXEVHTXHQW UHH[WUDFWLRQ DQG GHVWUXFWLYH DQDO\VLV )LQDOO\ WKH SXEOLF VKDULQJ RI DQFLHQW SURWHLQ           
GDWD DOORZV VXFK GDWD WR EH LQWHJUDWHG ZLWK IXWXUH ELRPROHFXODU DQDO\VLV XVLQJ GLIIHUHQW RU VLPLODU              
PHWKRGV DQG PRUH JHQHUDOO\ ³KHOS>V@ EXLOG ULJRURXV DQG UHOLDEOH VFLHQWLILF SUDFWLFHV HYHQ LQ WKH             
SUHVHQFHRIFRPSOH[H[SHULPHQWDOFKDOOHQJHV´
)XQGDPHQWDOO\ ZH FDOO IRU D FULWLFDO DSSURDFK WRZDUGV WKH YDOLGDWLRQ RI UHVXOWV DQG GDWD             
SUHVHQWHG LQ DQFLHQW SURWHLQV VWXGLHV DQG VWUHVV WKDW ³FKHFNLQJ DOO WKH WLFN ER[HV´ GRHV QRW              
DXWRPDWLFDOO\ YDOLGDWH D VWXG\ )ROORZLQJ *LOEHUW HW DO ZH VXJJHVW WKDW UHYLHZHUV DQG HGLWRUV             
FRQVLGHU ZKHWKHU WKH IROORZLQJ TXHVWLRQV DUH VXIILFLHQWO\ DGGUHVVHG  $UH VXIILFLHQW PHDVXUHV           
WDNHQ WR PLQLPL]H FRQWDPLQDWLRQ LQ WKH ODERUDWRU\ DQG GR GDWD DQDO\VLV VWUDWHJLHV WDNH SRWHQWLDO             
FRQWDPLQDWLRQ DQG GHJUDGDWLRQ LQWR FRQVLGHUDWLRQ"  ,V DGHTXDWH SURRI RI DXWKHQWLF DQFLHQW           
SURWHLQ LGHQWLILFDWLRQ SUHVHQWHG" DQG  ,V VXIILFLHQW LQIRUPDWLRQ SUHVHQWHG IRU LQGHSHQGHQW          
ELRLQIRUPDWLF UHSOLFDWLRQ DQG FDQ WKH UHVXOWLQJ GDWD EH H[DPLQHG" :H DOVR VXJJHVW WKDW HGLWRUV             
LQFOXGH PRGHUQ SURWHRPLFV H[SHUWV ZKHQ HYDOXDWLQJ DQFLHQW SURWHLQ VWXGLHV SDUWLFXODUO\ IRU          
DQFLHQW SURWHLQ VWXGLHV HPSOR\LQJ QRYHO WHFKQLFDO DQG PHWKRGRORJLFDO WRROV LQ DGGLWLRQ WR           
H[SHUWVLQWKHDUFKDHRORJLFDORUSDODHRQWRORJLFDOFRQWH[WRIWKHUHVHDUFK
3HUVSHFWLYH
3DODHRSURWHRPLFV KROGV HQRUPRXV SRWHQWLDO WR GUDPDWLFDOO\ H[SDQG DUFKDHRORJLFDO       
SDODHRQWRORJLFDO DQG HYROXWLRQDU\ UHVHDUFK ,Q OLJKW RI WKLV SURPLVH ZH KDYH UDLVHG NH\            
FRQVLGHUDWLRQV DQG KDYH UHFRPPHQGHG VWDQGDUGV IRU WKH JHQHUDWLRQ DQG UHSRUWLQJ RI DQFLHQW           
SURWHLQ GDWD ZLWK WKH YLHZ WKDW WKHVH VXJJHVWLRQV ZLOO DLG QRQVSHFLDOLVW UHDGHUV DQG UHYLHZHUV RI              
DQFLHQW SURWHLQ SXEOLFDWLRQV DV ZHOO DV DVVLVW UHVHDUFKHUV LPSURYH SDODHRSURWHRPLF VWXG\          
GHVLJQV 8QGRXEWHGO\ ZLWK WKH HPHUJHQFH RI QHZ H[SHULPHQWDO DQG ELRLQIRUPDWLF VWUDWHJLHV IRU           
FKDUDFWHUL]LQJ SURWHLQ GHJUDGDWLRQ DQG FRQWDPLQDWLRQ DV ZHOO DV LPSURYHG WRROV IRU SURWHLQ           
YDOLGDWLRQ DQG DXWKHQWLFDWLRQ WKHVH JXLGHOLQHV ZLOO UHTXLUH GHEDWH ZLWKLQ WKH FRPPXQLW\ DV ZHOO            
DV IXUWKHU UHILQHPHQW DQG XSGDWLQJ +RZHYHU LW LV RXU KRSH WKDW WKH VWDQGDUGV RI SUDFWLFH              
SUHVHQWHG KHUH ZLOO KHOS WR SURYLGH D ILUP IRXQGDWLRQ IRU WKH FRQVROLGDWLRQ RI SDODHRSURWHRPLFV             
DVDUREXVWWRROIRUHYROXWLRQDU\ELRORJ\DQWKURSRORJ\DQGDUFKDHRORJ\
&RPSHWLQJLQWHUHVWV
7KHDXWKRUVGHFODUHQRFRPSHWLQJILQDQFLDOLQWHUHVWV
&RQWULEXWLRQV
-+DQG):FRQFHLYHGRIWKHPDQXVFULSW$OODXWKRUVZURWHDQGFRQWULEXWHGWRWKHPDLQWH[W
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
$FNQRZOHGJHPHQWV
:H WKDQN (QULFR &DSSHOOLQL IRU YDOXDEOH FRPPHQWV RQ D SUHYLRXV YHUVLRQ RI WKH PDQXVFULSW :H              
DUH JUDWHIXO WR .LUVW\ 3HQNPDQ -DQH 7KRPDV2DWHV -XOLH :LOVRQ DQG 5RPDQ )LVFKHU DV ZHOO DV              
&KULVWLDQ 7UDFKVHO DQG -RQDV *URVVPDQQ )XQFWLRQDO *HQRPLFV &HQWHU =ULFK IRU VXSSRUW DQG           
KHOSIXO GLVFXVVLRQV 7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH 0D[ 3ODQFN 6RFLHW\ -+ ): &:             
DQG LWV 'RQDWLRQ $ZDUG WR -+ &: WKH 86 1DWLRQDO 6FLHQFH )RXQGDWLRQ %&6            
%&6 DQG %&6 WR &: WKH (XURSHDQ 5HVHDUFK &RXQFLO XQGHU WKH (XURSHDQ           
8QLRQ
V +RUL]RQ  UHVHDUFK DQG LQQRYDWLRQ SURJUDP XQGHU JUDQW DJUHHPHQW QXPEHUV 67*           
)22'75$16)2506 DQG 67*+$59(67 WKH ³5LWD /HYL0RQWDOFLQL <RXQJ      
5HVHDUFKHUV 3URJUDPPH´ WR %' WKH :HOOFRPH 7UXVW >JUDQW QR ==@ WKH          
/HYHUKXOPH 7UXVW >3KLOLS /HYHUKXOPH 3UL]H@ WR &6 WKH 9,//80 )21'(1 >JUDQW QR @            
D 'DQLVK 1DWLRQDO 5HVHDUFK )RXQGDWLRQ 1LHOV %RKU 3URIHVVRUVKLS DQG (5& ,QYHVWLJDWRU *UDQW           
&RGH;0-&DQGWKH861DWLRQDO,QVWLWXWHVRI+HDOWK5*0WR&:
6XSSOHPHQWDU\ 'DWD  )$67$ IRUPDWWHG ILOH FRQWDLQLQJ SURWHLQV LQIUHTXHQWO\ LGHQWLILHG DV          
OLNHO\ FRQWDPLQDQWV LQ VWDQGDUG SDODHRSURWHRPLF UHVHDUFK 7KLV FRQWDLQV FRPPRQO\ HQFRXQWHUHG         
FRQWDPLQDQWV LQ SURWHRPLFV ODERUDWRULHV DQG FRQVLVWV RI WKH FRPPRQ 5HSRVLWRU\ RI $GYHQWLWLRXV           
3URWHLQV ZLWK WKH DGGLWLRQ RI VHYHUDO SURWHLQ VHTXHQFHV ZH VRPHWLPHV HQFRXQWHU DV FRQWDPLQDQWV            
LQRXUH[SHULPHQWV





 

)LJXUH6FKHPDWLFGHSLFWLRQRIDQFLHQWSURWHRPHFRPSRVLWLRQDOFKDQJHVWKURXJKWLPH,QLWLDOO\WKHSURWHRPH
LVVROHO\FRPSRVHGRIHQGRJHQRXVSURWHLQVJUHHQZKLFKPD\DOUHDG\UHSUHVHQWDPL[WXUHRIWD[RQRPLFRULJLQVLQ
FDVHVRIPLFURELRPHVDPSOHVIRRGUHVLGXHVRULQIHFWHGWLVVXHV$IWHUGHSRVLWLRQVXEVWUDWHVZLOOEHUDSLGO\
FRORQL]HGE\EDFWHULDDQGIXQJL\HOORZVRPHRIZKLFKPLJKWEHRILQWHUHVWLQIXWXUHVWXGLHV'XULQJH[FDYDWLRQ
FXUDWLRQDQGVWRUDJHDGGLWLRQDOFRQWDPLQDWLRQFDQRFFXUSULPDULO\GXHWRKXPDQKDQGOLQJDQGWKURXJK
SURWHLQEDVHGFRQVROLGDQWVIRUH[DPSOHKXPDQNHUDWLQVRUDQLPDOEDVHGJOXHVLQUHG$GHILQLWLYHVRXUFHRI
FRQWDPLQDWLRQLVLQWURGXFHGGXULQJVDPSOHSUHSDUDWLRQWKURXJKWKHGHOLEHUDWHDGGLWLRQRIWU\SVLQRUDQRWKHU
SURWHDVH/DERUDWRU\FURVVFRQWDPLQDWLRQIURPERWKPRGHUQDQGDQFLHQWVRXUFHVFDQRFFXUGXULQJERWKH[WUDFWLRQ
DQG/&0606DQDO\VLV7KURXJKRXWWKHVFKHPHSURWHRPHFRPSOH[LW\DQGSURWHLQFRQFHQWUDWLRQRIWKH
HQGRJHQRXVSURWHRPHGHFUHDVH&RQYHUVHO\WKHUHLVDQLQFUHDVHLQWKHSURSRUWLRQRIFRQWDPLQDWLQJSURWHLQVERWKRI
YHUWHEUDWHDQGQRQYHUWHEUDWHRULJLQ7LPHQRWWRVFDOH3URSRUWLRQVDUHXVHGWRLOOXVWUDWHJHQHUDOGHYHORSPHQWVDQG
GRQRWQHFHVVDULO\UHIOHFWREVHUYHGIUHTXHQFLHV0RGLILHGIURP:HONHU


 



)LJXUH,QMHFWLRQEODQNVLQ/&0606D(DFKVDPSOHLVSUHFHGHGDQGIROORZHGE\DWOHDVWRQHLQMHFWLRQ
EODQNZLWKLQWKH/&FROXPQZKLFKE DOORZVWKHDVVHVVPHQWRISHSWLGHFDUU\RYHUEHWZHHQGLIIHUHQWH[SHULPHQWV
DQGVDPSOHVIROORZLQJ'HPDUFKLHWDO:LWKLQWKLVVFKHPHWKHH[WUDFWLRQEODQNLVDQDO\]HGDVLIUHSUHVHQWLQJRQH
RIWKHVDPSOHV
 






)LJXUH'DPDJHLQGXFHGVHTXHQFHDPELJXLW\DIIHFWVSHSWLGHWD[RQRPLFDVVLJQPHQWIRUWKHZKH\SURWHLQ
EHWDODFWRJOREXOLQD$QLPSRUWDQWYDULDQWVLWHWKDWGLVWLQJXLVKHV%RYLQDHFDWWOH\DNDQGEXIIDORIURP&DSULQDH
VKHHSDQGJRDWVLVDQDPLQRDFLGUHVLGXHWKDWLVDVSDUWLFDFLG'LQ%RYLQDHDVSDUDJLQH1LQVKHHSDQGO\VLQH
.LQJRDWV+RZHYHUWKHGHDPLGDWLRQRIDVSDUDJLQHUHVXOWVLQLWVFRQYHUVLRQWRDVSDUWLFDFLGE DQG0DVFRW
SURWHLQLGHQWLILFDWLRQVRIWZDUHLVXQDEOHWRGLVWLQJXLVKDQXQPRGLILHG%RYLQDHUHVLGXH'IURPDGHDPLGDWHGVKHHS
UHVLGXHGH1DWWKLVSRVLWLRQF'DWDIURP,QFRUUHFWSUHFXUVRUVHOHFWLRQGXULQJ06DQDO\VLVFDQUHVXOWLQ
VLPLODUDPELJXLW\E\VHOHFWLQJLVRWRSHFRQWDLQLQJSHDNVIRUIUDJPHQWDWLRQLQVWHDGRIWKHPRQRLVRWRSLFSHDN

6XPPDU\%R[&UXFLDODVSHFWVRIDSDODHRSURWHRPLFVZRUNIORZIURPVDPSOHVHOHFWLRQWRGDWDVKDULQJ

 
6XSSOHPHQWDU\ 7DEOH  5HSRUWLQJ RI H[WUDFWLRQ EODQNV LQMHFWLRQ EODQNV HYLGHQFH RI SURWHLQ GHJUDGDWLRQ DQG             
06 GDWD UHSRUWLQJ LQ 0606EDVHG DQFLSURWHLQ DQDO\VLV SXEOLFDWLRQV ([WUDFWLRQ DQG LQMHFWLRQ EODQNV DUH            
PDUNHG DV SUHVHQW ZKHQ WKH\ DUH H[SOLFLWO\ PHQWLRQHG LQ WKH PDQXVFULSW LI PDUNHG DV DEVHQW WKLV GRHV QRW                 
QHFHVVDULO\ VXJJHVW WKDW WKHVH EODQNV ZHUH LQ IDFW QRW UXQ RU DQDO\]HG LQ WKH H[SHULPHQW EXW WKH\ DUH QRW UHSRUWHG                   
0$/',72)06 0$/',72)72)06 DQG DQWLERG\EDVHG VWXGLHV DUH QRW LQFOXGHG $FFHVVLRQ QXPEHUV LQ WKH           
ILQDO FROXPQ UHIHU WR GDWDVHWV VWRUHG LQ 3URWHRPH;FKDQJH RWKHUZLVH WKH QDPH RI RWKHU UHSRVLWRULHV LV JLYHQ LQ RQH                 
FDVH WKLV UHIHUV WR D XQLYHUVLW\EDVHG IWS SDJH WKDW FDQ EH DFFHVVHG XVLQJ GHWDLOV SURYLGHG LQ WKH UHOHYDQW SDSHU                  
'HJUDGDWLRQQRWHGE\WKHSUHVHQFHRIVPHDUHGJHOV
6XSSOHPHQWDU\ 7DEOH  'HPRQVWUDWLRQ RI PLVOHDGLQJ VSHFLHV DVVLJQPHQWV LQ 0DVFRW RXWSXWV 2I WKH WRS               
HXNDU\RWLF SURWHLQV UDQNHG E\ VFRUH LGHQWLILHG IURP VKHHS WRRWK FHPHQWXP RQO\  DUH DVVLJQHG WR VKHHS $OWKRXJK                
WKH SURWHLQ LGHQWLILFDWLRQV WKHPVHOYHV DUH H[SHFWHG IRU ERQHGHQWLQHFHPHQWXP PLVOHDGLQJ VSHFLHV DVVLJQPHQWV WR           
%RV WDXUXV +RPR VDSLHQV DQG 0XV PXVFXOXV DUH PDGH ZKHQ WKH 6ZLVV3URW GDWDEDVH ODFNV WKH UHOHYDQW VKHHS                
UHIHUHQFHSURWHLQ

 
5HIHUHQFHV
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